INTRODUCTION
The cattle tick, Rhipicephalus (Boophilus) microplus, is geographically distributed in tropical, subtropical, and temperate areas. R. (B.) microplus is a threat for the cattle industry, as it produces medical and economical losses in tropical, subtropical, and temperate areas (dos Santos et al., 2013) . To date, the main answer to this problem has been the intensive and often nonstrategic use of chemical ixodicides (Fernández-Salas et al., 2012c; Rodríguez-Vivas et al., 2014) . Nonetheless, alternative methods to control this parasite have been attempted; among these, the use of phytochemical products stands out (Valente et al., 2014) . Eysenhardtia polystachya is a plant geographically distributed from the southern part of the United States to southwestern Mexico (SalinasHernández et al., 2008) . The infusion, which displays a particular brown and blue tinge, is made with the wooden chips of this plant and has been traditionally used to treat kidney and other infectious diseases (Alvarez et al., 1998) . Phytochemical investigation of E. polystachya resulted in the isolation of polyphenol compounds, tannins, and flavonoids (Salinas-Hernán-dez et al., 2008) . Among these substances is a fluorophore compound capable of a blue-emitting color known as a matlaline (Acuña et al., 2009) . Coatline compounds have also been isolated, and they provide a dark brown color to the infusion. These substances have been proven to display larvicidal activity against the fall armyworm Spodoptera frugiperda, a pest of economic importance in Mexico for cotton and maize (Alvarez et al., 1998) . Additionally, recent research ABSTRACT: The objective of this study was to evaluate the acaricidal effect of 2 compounds extracted from Eysenhardtia polystachya in vitro, namely coatlines and matlalines. Each extract was obtained by aqueous extraction in a nitrogen atmosphere. Engorged adult females of an amitraz-resistant strain of Rhipicephalus (Boophilus) microplus were used to produce larvae and to carry out the adult immersion test (AIT), while larvae were assayed using the larval packet test (LPT). After exposure to coatlines or matlalines, the mortality of larvae and engorged females, as well as the reproductive parameters of adult ticks were assessed. Coatlines were not lethal against larvae and did not decrease reproductive parameters. Conversely, matlalines showed a 90 to 100% efficacy against adults and larvae at all concentrations tested and a reduction of 76.41 to 80.64% oviposition and a 48.02 to 54.86% reduction in egg hatchability. Therefore, the acaricidal activity of matlalines was more efficient. Further studies are required to elucidate both the mode of action of matlalines as well the structure-activity relationships responsible for the observed differential efficacy between these 2 related isoflavans against the cattle tick.
in our laboratory has found that the water extract of E. polystachya has potential as an acaricidal, although it is not known whether the coatlines or the matlalines are responsible for this effect. Hence, this study was undertaken to assess whether or not one or both fractions (coatlines and/or matlalines) are responsible for the ixodicidal activity.
MATERIALS AND METHODS

Eysenhardtia polystachya Extract
Samples of the stem (including the bark) of Eysenhardtia polystachya (Palo azul) were collected in the south of Mexico City (19263 N lat; 99818 W long) in a forest named Ajusco. The plants were processed at the Departamento de Fisiología y Farmacología, Facultad de Medicina Veterinaria, Universidad Nacional Autónoma de México (UNAM). First woody branches of the plant were manually cut off from the trees, cleaned with a damp cloth, and chopped up in a commercial blender manufactured by Oster, Mexico. A 2-to 4-mm particle size was obtained. This material was extracted with water (10 vol) at 60C for 3 h in an Erlenmeyer flask and protected from light with foil paper and constant stirring. The extract was allowed to cool to room temperature and filtered through a 45-µm Millipore filter (Millipore, Mexico; Naucalpan de Juárez, Estado de México, México) under gentle negative pressure. Water was removed in a rotary evaporator (Fisher Scientific, Monterrey, Mexico) at 100C until half its volume remained and was later freeze-lyophilized (FeeZone 2.5, Labconco Corporation, Kansas City, MO) to obtain a fine powder at a rate of approximately 10% the original weight.
Preparation of Coatlines and Matlalines
A portion of 50 g of the aqueous extract was treated following the methodology described by Acuña et al. (2009) . Briefly, the crude yellow extract obtained as detailed above was refluxed with 1 L of butanol for 24 h under a nitrogen atmosphere, and the solvent was vacuum eliminated to yield a golden-toned butanolic fraction. This fraction was separated using a polyamide-6 column (1 kg) using deoxygenated water as the eluent. The eluted fractions were analyzed by TLC (silica gel, CHCl 3 :EtOH:H 2 O 50:50:5 v/v/v), visualizing the spots under UV light and after 1-min exposure of the plates to ammonia vapor. The mixture of coatlines was purified using a medium-pressure reverse-phase column (45  5 cm, C 18 , Bakerbond 5 µm), with MeOH:H 2 O (30:70) as the mobile phase and a flow rate of 1 mL/min. Fractions were analyzed by TLC and combined according to their chromatographic similarity. The first eluted fractions contained mainly coatline B.
Synthesis of Matlaline From Coatline B
An air-saturated solution of coatline B (0.1 g) in water (100 mL) with NaOH (5.0 mL, 1 M NaOH aqueous solution) was stirred at room temperature for 4 h. After addition of acetic acid, the solvents were eliminated in vacuo, and the product was purified by precipitation using EtOH:H 2 O 9:1. As a result of this process, matlaline was obtained (Beltrami et al., 1980; GentaJouve et al., 2013) . The structures of both compounds were confirmed by nuclear magnetic resonance (NMR) spectra (1 dimensional and 2 dimensional) obtained in a Varian VNMRS 400-MHz instrument and by electron impact mass spectrometry (EI-MS) spectra.
Acaricide Formulation
Laboratory bioassays during the study were conducted using a 16% formulation of cypermethrin (Tlalaxin-13) as control.
Adult Ticks
R. (B.) microplus adult females were collected from naturally-infested cattle in the state of Nayarit, Mexico. These ticks were identified as amitraz-resistant by the official Mexican authority for the diagnosis of parasitic diseases (CENAPA) and the resistance factor was 30.99, which indicated a level III resistance status (Singh et al., 2014) . Ticks had not received any acaricidal or insecticidal treatment 90 d before this study. In the laboratory, ticks were washed with water and dried on paper towels. Afterward, a selection was made on motility, weight, and integrity. Half of the engorged females were used in the adult immersion test (AIT), and the other half were incubated to obtain larvae.
Larvae
Larvae used in the tests were obtained from the eggs of engorged females collected from naturally infested cattle in Nayarit, Mexico. Female engorged ticks were kept in petri dishes with filter paper at the bottom, which were kept in an incubator with a relative humidity of 85% and mean temperature of 27C. Egg batches were collected on a daily basis in separate glass tubes closed with a cotton bud. Only 14-to 21-dold larvae were used in the larval packet test (LPT).
Adult Immersion Test
The immersion test for engorged females was performed as previously described (Drummond et al., 1973; Ribeiro et al., 2011) . Two groups of 15 engorged females (5.0 g) were formed and immersed for 5 min in a solution (10 mL) of water with 0.0625, 0.125, 0.25, 0.5, and 1% dilutions of the coatline B or matlaline extracts. Two controls were also included: 1 with water and the commercial cypermethrin. For each group, studies were performed in triplicate. Ticks were dried after immersion, placed in petri dishes (9 cm) with Whatman filter paper (number 1), and incubated at 27C with 85% relative humidity for 14 d. The number of females laying eggs was recorded, and eggs were collected, weighed, and incubated to estimate the percentage of hatching larvae. The following parameters were estimated (Drummond et al., 1973; Castro-Janer et al., 2010) :1) total mass of eggs and ticks (mg), 2) egg production index (%EPI) = (egg mass weight  100)/female weight before oviposition, 3) hatching percentage of larvae, 4) mortality: engorged females that oviposited were considered as live and females that did not lay eggs were considered as dead.
Larval Packet Test
The bioassay was performed according to previous reports (Stone and Haydock, 1962) with modifications (de Monteiro et al., 2012) . One hundred larvae were placed in the center of a filter-paper sheet measuring 7.5 by 8.0 cm. Each filter paper was moistened with 0.067 mL of 5 twofold dilutions (0.0625, 0.125, 0.25, 0.5, and 1%) of 0.0825-g coatline or matlaline dissolved in a mixture of trichloroethylene and olive oil (2:1 ratio). Two controls (filter paper with trichloroethylene with olive oil and a control of cypermethrin in the same solvent) were included and 3 replicates were performed for each dilution. Filter papers containing larvae and solutions were closed using clamps to form envelopes that were immediately incubated at 27 to 28C with 75 to 85% relative humidity for 24 h. Different incubators were used for each group of larvae. To assess the percentage of mortality, the live and dead larvae were counted. Mortality was expressed as a percentage according to the following formula: Larval mortality (%) = Dead larvae/ total larvae (100)
Control Groups
In each extraction step, prior to testing isolated coatlines and matlalines, a set of evaluations of acaricidal activity was performed, as discussed above. An absolute lack of activity was obtained in all instances for coatline extraction, and activity was only obtained when coatlines were rearranged into matlalines.
Probit Analysis
After susceptible larvae were exposed to filter paper rectangles impregnated with concentrations (0.0625 to 1%) of each of the 2 experimental products, results were subjected to probit analysis using the Polo-PC software (LeOra Software, Petaluma, CA). The lethal concentration 50 (LC 50 ), is the concentration that is lethal to 50% of the organisms in a toxicity test. The LC 50 of the compounds were determined by an analysis of regression to the probit-transformed data of death larvae with 95% confidence limits. The differences in the mean values of the results were analyzed by ANOVA.
Statistical Analysis
The values of mortality were log (x + 1) transformed before the statistical analysis. Data were submitted to ANOVA. The averages were compared using the Student's t test for larvae and the Tukey test for engorged females. Values of P < 0.05 were considered statistically significant.
RESULTS
Coatlines of Eysenhardtia polystachya
were not acaricidal to larvae of R. (B.) microplus, as the highest percentage of mean mortality was of 18.68  6.35% against adults and 6.63  2.78% for exposed larvae. In contrast, both in the adult immersion and the LPTs, matlalines proved to be toxic to R. (B.) microplus (as presented in Table 1 ), which shows that there was a significant (P < 0.05) difference between the acaricidal efficacy of coatlines and matlalines. A significant (P < 0.05) difference was also detected between the coatlines and their negative control (water only) regarding acaricidal efficacy against adults. In contrast, no difference was detected between the coatlines and their control (trichloroethylene and olive oil only) when larvae were exposed. Moreover, no significant difference was observed between matlalines and cypermethrin. On the other hand, efficacy was significantly (P < 0.05) different between coatlines and cypermethrin. Finally, no differences were detected for the different concentrations of the coatlines and the matlalines. The acaricidal mean efficacies of matlalines were 96.61  2.99% and 92.52  3.10% against adults and larvae, respectively, when the 1% concentration was tested. After subjecting the data of the amitraz-resistant strain of R. (B.) microplus larvae and adult mortality to probit analysis, the LC 50 of the experimental compounds were determined as shown in Table 2 . The highest acaricidal property was exhibited by matlalines, as it showed a minimum LC 50 (95% confidence limit) of 0.92. The reproductive parameters were affected significantly by treatment with matlalines in contrast to results analyzed from coatline or negative control-exposed ticks (water only) ( Table  3) . Engorged females produced a mean percentage that ranged from 23.59  1.50% to 19.36  5.90% eggs when the 0.0625 to 1% dilutions of matlalines were assayed. Moreover, hatching percentage of larvae varied from 51.98  4.66% to 45.14  4.30% after exposure to matlalines serial concentrations of 0.0625 to 1%. Neither coatlines nor the vehicle used with controls produced a significant inhibition of oviposition or hatching larvae.
DISCUSSION
Plants have evolved defensive mechanisms against herbivores. For instance, flavonoids and tannins are known to have antioxidant properties due to their ability to scavenge radicals and chelate iron (Smirnova et al., 2009 (Smirnova et al., , 2012 . Tannins, for example, have a negative effect on phytophagous insects and affect their growth and development (War et al., 2011) . Flavonoids are cytotoxic and interact with enzymes, thus influencing insect behavior, growth, and development (Dudareva et al., 2013; Pańka et al., 2013; Zhang et al., 2013) . Plants can also act as pro-oxidants and generate reactive oxygen species by means of oxidative enzymes denominated peroxidases (Francoz et al., 2014; Shigeto et al., 2014; Zhang et al., 2015) . These features may also be beneficial as acaricides, and because of the increasing demand for pesticide-free products by consumers and the growing antiparasitic resistance (Fernández-Salas et al., 2011 , 2012a , plants with known biological activity, such as Eysenhardtia polystachya, merit research to explore them as alternatives for the control of parasitic diseases and potential sources of new active ingredients. To the best of our knowledge, there is has been no previous information reported by other research group regarding the acaricidal activity of this plant, although a preceding publication suggested its possible insecticidal effects (Alvarez et al., 1998) . This background prompted us to test the in vitro effects of 2 well-defined fractions of E. polystachya against one of the most relevant parasites with negative impacts on economy and animal health in Mexico, R. microplus. Previous studies performed by our research group revealed an acaricidal effect of the simple infusion of E. polystachya (Alcala-Canto et al., 2014) , with significant mortality of R. (B.) microplus larvae in vitro and in vivo. However, it became clear that activity was related to the color of the infusion. According to previous reports (Alvarez et al., 1998; Acuña et al., 2009) , the ethnobotanical medicine of Palo azul is well known because of the blue fluorescent tinge that appears in the infusion. Results of this assay showed that E. polystachya-derived coatlines lacked acaricidal activity, whereas the matlalines were highly effective against both adults and larvae of an amitraz-resistant strain of R. (B.) microplus, with mortalities ranging from 90 to 100%. Matlaline extracts have a blue color that is lack- ing in coatline extracts, thus confirming the popular knowledge that Palo azul infusions work better when the blue color is more conspicuous.
These results demonstrate an egg laying inhibition of 75 to 80% and 30 to 35% and a hatchability inhibition of 50 to 55% and 10 to 15% for matlalines and coatlines, respectively. These effects are comparable to those obtained for 3 essential oils extracted from Mexican oregano leaves (Lippia graveolens Kunth), garlic bulbs (Allium sativum L.), and rosemary leaves (Rosmarinus officinalis L.) (Martinez-Velazquez et al., 2011b) . Other essential oils also show outstanding in vitro efficacy against ticks, such as the ones obtained from Cuminum cyminum, Pimenta dioica, and Ocimum basilicum (Martinez-Velazquez et al., 2011a) . However, this study was performed with better defined chemical fractions, i.e., coatlines and matlalines. In this context, matlalines from E. polystachya are also unique because they show important acaricidal activity vs. adult stages of R. (B.) microplus, while 4 tannin rich plants (Acacia pennatula, Piscidia piscipula, Leucaena leucocephala, and Lysiloma latisiliquum) were active vs. immature stages of R. (B.) microplus but not the adult stages (Fernández-Salas et al., 2011) .
In conclusion, in our study, low mortality rates were caused by coatlines on engorged females and larvae, whereas matlalines produced high mortality in larvae and adult ticks as well as a significant reduction of reproductive parameters in adult females. This difference could be explained by the distinct composition of the cuticle of both life stages of ticks (Denardi et al., 2010) . The epicuticle of the ticks is composed of waxes externally and of proteins internally and the procuticle is composed of protein and chitin (Politi et al., 2012) . Thus, in engorged females, the active principle from E. polystachya must be capable of diffusing through the lipid layer. It is currently known that matlalines are more lipophylic than coatlines (Beltrami et al., 1980; Alvarez et al., 1998; Alvarez and Delgado, 1999; Narváez-Mastache et al., 2008; Salinas-Hernán-dez et al., 2008; Acuña et al., 2009; Rivas-Morales et al., 2009; Rosas-Piñón et al., 2012) , a fact that can partly explain the lack of activity of coatlines against adults. In contrast, as the chemical properties of both coatlines and matlalines are still being studied, no explanation is here proposed as to the acaricidal efficacy of matlalines against larvae where no wax layer is present. Considering the encouraging results herein obtained, it is reasonable to suggest that at this stage, further work is needed, i.e., complete definition of the chemical structure of the particular matlaline involved in the acaricidal effect as well as the mechanism of action of both compounds against larvae and adults needs to be elucidated. 
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